Inventory of Thysanoptera Collected from French Polynesia
Abstract: A survey for Thysanoptera was conducted in the Society (Tahiti, Moorea, and Raiatea), Marquesas (Hiva Oa, Nuku Hiva, Ua Huka, and Ua Pou), and Austral islands (Rurutu and Tubuai) archipelagos in French Polynesia from September 2003 to November 2005. At least 55 thrips species in 36 genera and three families were identified from 823 slide-mounted specimens that were collected from 61 host plants in 33 families. Twelve species are considered to be important pests. The greatest diversity of species, 43 (77%), was collected from the Society Islands, with 60% being recorded from Tahiti alone. Species diversity was intermediate in the Marquesas Islands at 43% (24 species collected), with 35% or 19 species being recorded from Nuku Hiva. Lowest diversity was recorded for the Austral Islands, with 38% or 21 species being found in that archipelago. Less than 10% of collected species are likely to be native, with the majority of identified thrips (>90%) in French Polynesia representing a high diversity of exotic species (leaf, flower, and fungus feeders, and four predatory species) that have successfully infiltrated other island groups in the South Pacific. Survey results and subsequent estimates of thrips species diversity in French Polynesia should be interpreted with caution due to uncontrolled variation in sampling intensity that was affected by survey duration, time of year, and visitation frequency to islands.
Many aspects of thrips (Thysanoptera) biology predispose this group of insects to an invasive lifestyle. Thrips are typically small, secretive insects that often exhibit high ubiquity, vagility (natural and human-assisted), and polyphagy (Morse and Hoddle 2006) . These biological characteristics have assisted invasion into depauperate island ecosystems (Mound and Walker 1987) and species-rich continental complexes (Hoddle et al. 2004) . For example, it is estimated that approximately 100% of thrips species in the small South Pacific island of Kiribati are exotic (Mound and Walker 1987) , and in California, which has a diverse native thrips fauna, approximately 20% of recorded species are exotic (Hoddle et al. 2004) . In New Zealand, @45% of recorded terebrantian thrips are exotic (Mound and Walker 1982, Mound 2006) . Inventories of Thysanoptera have been prepared for several island groups in the South Pacific, including New Caledonia (Bournier and Mound 2000) , New Zealand (Mound and Walker 1982) , Lord Howe Island (Mound 1998), Vanuatu, Kiribati, and Fiji (Mound and Walker 1987) . These inventories clearly demonstrate that South Pacific islands have been successfully invaded by a multitude of incursive species that originated from Europe, Australia, and the Old and New World tropics. At time of writing, a thrips species list was lacking for French Polynesia. Consequently, the purpose of work presented here was to construct a preliminary inventory of Thysanoptera for this highly isolated group of island archipelagos in the far eastern South Pacific Ocean and to use survey results to determine the number of exotic and native thrips species for comparison with other South Pacific islands. 3, 5, 6, 11, 13, 19, 23, 31, 32, 37, 38, 40, 43, 44, 46, 48, 57, 58 Frankliniella sp. 3, 9, 10, 20, 23, 27, 28, 37, 38, 42, 47, 52, 53, 56, 59 *Megalurothrips usitatus 8, 12, 18, 23, 25, 28, 31, 32, 34, 35, 40, 42, 43, 44, 45, 48 Thrips sumatrensis Priesner Table 2 .
* Pest species attacking agricultural crops and ornamental plants. Thrips were sampled by beating selected foliage, flowers, grass, deadwood, and fungi over a white plastic beat tray, and dislodged thrips were collected with a fine paintbrush and placed in labeled vials of 95% ethanol for identification. If the identity of sampled plants was unknown, digital photos were taken for later identification and crossreferenced to collection vials. Surveys were conducted in urban, agricultural, and undisturbed natural areas, and GPS coordinates of all sampling locations that yielded material were recorded.
Preparation of Material for Identification
All collected material was macerated in 5% NaOH and subjected to dehydration in an ethanol series and clove oil before being mounted onto glass slides in Canada balsam. (See Mound and Marullo [1996] and Moritz et al. [2001] for details on slide mounting thrips.)
Deposition of Slide-Mounted Specimens
Slide-mounted specimens were identified using published keys (e.g., Mound 1999 , Moritz et al. 2001 [and references therein], Hoddle and Mound 2003) . Species identity was confirmed by comparison with already identified slide-mounted material held at the Australian National Insect Collection and the University of California, Riverside. Identified material has been deposited in the Entomology Museum at the University of California, Riverside; the Australian National Insect Collection, Canberra; and the Bishop Museum, Honolulu, Hawai'i.
results and discussion
Over the course of this survey 823 thrips were slide mounted and identified. The total number of species identified was 55 from 36 genera and three families (Thripidae, Phlaeothripidae, and Aeolothripidae), with more than 90% (46 species) of identified material being considered exotic to French Polynesia (Table 1) . Material was collected from 61 different host substrates (i.e., flowers, leaves, grass, dead plant material, and fungi), and 33 plant families were sampled (Table 2) .
Only a few of these species (<10%) seem likely to be native to French Polynesia or even to other parts of the Pacific. Thrips rapaensis, Trichromothrips oahuensis, and Nesothrips lativentris are all considered native to the Pacific region, and this is possibly true of Thrips sp. 1, Scirtothrips sp. nr. australiae, Scirtothrips sp. nr dobroskyi, and Scirtothrips sp nr. inermis. These Scirtothrips species may warrant closer investigation because two of them were found most commonly at high altitude on native plants in relatively undisturbed areas on Tahiti. However, further survey work and complementary DNA analyses on the South Pacific members of Thrips and Scirtothrips are needed to confirm the endemism of these species. More than 25 of the recorded species are derived from the fauna of the Old World tropics, with five species probably originating from Australia and eight from the New World tropics. In contrast, only the cosmopolitan species Thrips tabaci is of European origin. At least 12 species are serious pests on crops and ornamental plants in various parts of the world (Table 1 ). The survey revealed at least four species of exotic generalist predatory thrips that attack a diverse range of arthropod pests including mites (Scolothrips asura), immature scales and whiteflies (Aleurodothrips fasciapennis and Karnyothrips melaleucus), and thrips (Franklinothrips vespiformis).
The greatest diversity of thrips was found in the Society Islands, where 77% (43 species) of species were found, and 60% (33 species) were collected from Tahiti alone. The adjacent island of Moorea, separated from Tahiti by about 17 km of open ocean, had just nine thrips species (16%) recorded from surveys. The Marquesas Islands are 1,400 km northeast of Tahiti, and numbers of recorded species in this archipelago were intermediate, with 24 species (43%) being recorded across the four surveyed islands. The most heavily inhabited island in the Marquesas, Nuku Hiva, had 19 species (35%) of thrips. The Austral Islands 600 km southwest of Tahiti had the lowest recorded number of thrips species at 38% (21 species). These data suggest that the most heavily inhabited island group, the Society Islands, and in particular the commercial hub of French Polynesia, Tahiti, have the greatest number of adventive thrips species. This result may be strongly correlated with human activity, especially trade and tourism, which involve large-scale movement of produce and live plants. This supposition is supported by collection data from Nuku Hiva, which has the highest human visitation rate and resident population as well as the highest thrips diversity in the Marquesas Islands. Interisland plant movement is relatively unregulated in French Polynesia and has been suspected of facilitating the rapid long-distance movement of invasive insect pests. Hence even remote island groups in French Polynesia are likely to acquire invasive insect pests relatively quickly (Grandgirard et al. 2006) .
As a caveat to this work, survey results and subsequent estimates of thrips species diver- Gardenia tahitiensis Rubiaceae sity in French Polynesia should be interpreted with caution due to uncontrolled variation in sampling intensity that was affected by survey duration, time of year, and visitation frequency to islands. For example, survey duration for Tubuai in the Australs was approximately 1 hr in the immediate vicinity of the airport and occurred because of an unplanned stopover to collect additional passengers. Native vegetation on Moorea was poorly sampled due to time constraints. Raiatea and all islands in the Marquesas and Austral archipelagos were each sampled once for only 3-5 days. The Society Islands were sampled most frequently and heavily at the end of the dry winter period mainly during September. Thrips species composition may be substantially different during the hotter, wetter months (i.e., November through April), and differences between island groups over the course of these seasons will likely exist due to large latitudinal differences.
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